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A RAPIOME17HODFORPREDICTINGATTACHED-SHOCKSHAPE

ByEugeneS.LoveandRo=ld H.Long

A methodispresentedfor
attachedshockserwmathgfrom
dhensionalnoseshapes.F&om

SUMMARY

therapidpredictionoftheshapeof
smoothlycontouredaxisymmetricandtwo-
a practicalviewpointtheaccuracyof

themethodis comparabletothatofthemethodof characteristics.

INTRODUCTION
*

s Theshapeoftheattachedshockarisingfromthenoseorleading
edgeofa bodyat supersonicspeedshaslongbeenrecognizedas a sub-
jectof considerablepracticalimportance,particularlyinthesolution
of interferenceproblems,sinceallsuchshocksdefinethebeginningof
an interferenceflowfield.Forthearbitrarynoseshape,interference
analyseswhichapproximatetheshmk positionby a Machanglepropagation
ofdisturbancesandthosewhichemploythestraight-shockapproximation
basedontheinitialcone(orwedge)angleofthenosesregreatly *
restrictedinapplication.An accurateevaluationofinterference
requiresan accuraterepresentationofthecurvedexactshockwhichis
thetruebeginningoftheinterferencefield;thisexactshockIdes
betweenthoseestimatedby thetwoaforementionedapproximations.Accu-
rateshockshapecanbe particularlyhelpfulin determiningtheproper-
tiesoftheflowfielddownstreamoftheshock.(Seeref.1,for
example.)

Inadditionto itsvaluein interferenceproblems,knowledgeof
theshapeoftheshockfrequentlyhasa directbearinguponthechoice
ofmaximummodelsizefora givenwindtumnel.

A rnmiberofmethodssreavailableforcalculatingshockshape.Of
thelesslsboriousmethods,thelinear-theoryapproachoflthithsm(ref.2)
hasperhapsmt withasmuchsuccessandreceivedasmch attentionas
w. However,therangeofapplicabilityoftheselesslaboriousmethods
is severelyrestricted.Forexample,Whithamhasstated(ref.2) that

*: whentheseminoseangleisas largeas approximately20°hismethcddoes
notgiveaccuratequantitativeresults;healsoshowsthathismethod,
whena@pliedto thesimplecaseof cones,doesnotgivesatisfactory

w
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shockanglesbeyond
about3. (Anupper
reasonablefromthe
thatthedifference
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semitoneanglesofabout10°andMachnumbersof n
limitinMachnumberofabout2.5wouldappearmore
resultsshowninref.2.) Whenitisrecognized A’
betweenMachangleandshockanglefora semitone

angleof5°isnomorethan0.16°,andusuallyless,forMachnumbers
from1.1to2.5,“therangeforwhichthismethodhaspracticaluseis
seentobe small.

—

Forcalculatingshockshapeoverwideranges ofMachnumberand
noseshape,thelaboriousmethodof characteristicsmustbe used. For
two-dimensionalshapesatallMachnumberssndforthree-dimensional
shapesathighMachnumbersthecharacteristiccalculationscanoften

—

be handledina simplifiedandlesstediousformwithsatisfactory
results.(Seerefs.3 and4, forexample.) Evenin simplifiedform,
however,thecalculationsarenotbrief.At thelowersupersonicMach
numbers(oftheorderof3 or less)thetime-consumingaxisynmetric
methodof characteristicsmustbe employedforthree-dimensionalshapes.

Thepurposeofthisreportistopresenta rapidmeth~,applicable A

overa widersmgeofMachnuniberandnoseshape,forcalculatingthe
shapeofcurvedattachedshocksemanatingfromthenosesoftwo-and
three-dimensionalbodies.Theestablishmentofthemethodwasbased_ -. .~=
uponresultsobtainedfroma numberof calculationsby themethodof
characteristicCS. However,althoughthesecalculationswereessentialto
thedevelopmentofthemethod,similarcalculationsarenotrequiredin
theapplicationofthemethod.ThemethodwasnotdevelopedforMach
numbersbeyondabout5; attachedshockswillprobablybe a rarityat
Machnumbersof 5 andhigher,sinceproblemsassociatedwithaerodynamic
heatingwillquitelikelydictatetheuseofbluntednoses.Further,at
highMachnumbersthepresenceofthickboundaqylayersmaysignificantly
altertheeffectivenoseshape.

SYMBOLS

K scalefactorforconvertingunspecifiedordinatesto circular-
—

arcordinates

1 noselength(fromtipofnoseto stationwhereslopeofnose
surfacebecomeszero,measuredalongx-axis)

M free-stresmMachnumber

x) Y orthogonalcoordinateshavingoriginatnose

5 semitonesingleor semiwedgeangleat x . 0
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k E shockinclinationat x = O

-1 1
Mach angle,sin ~

Subscripts:

c circular-arcnose

i unspecifiedscaleandshapeofnosead unspecifiedscale
of shock

DZ3CUSSION

AnalyticalConsiderations

* Equationforunspecifiedshock.-Considera pointednoseshape
fmnersedina supersonicstreamandhavinganattached,curvednose
shockas showninthefollowingsketch:

The
itiesin

M

Y
i ,

Shock

o
x

noseshapeisa smoothlyvsryingcontourhavingnodiscontinu-
slopeandisassumedto terminateatPoint P wheretheslo~

ofthesurfaceis zero.At a particularWch >umber,theinitialinc~i-
nationoftheshock e mustbe thatdictatedby thewedgeor coneangle
at thetipofthenose(x = O)j theinclinationoftheshockat x . m
nmstbe equalto theMachangleofthefreestreszn.Thus,twogeneral
conditionstobe satisfiedontheshockare:
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Atx=O,
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At X.@,

(1)

(2)

It isassumedthatanexpressiony = f(x), whichsatisfiesthese
conditionsandvariesfromonelimitto theotherwithoutdiscontinuity

d2
in ~ andwith ~ alwaysremainingnegative(exceptwhen x = ~~ of~2
course),representssatisfactorilytheshapeofanyshockofunspecified
scalefromanynoseofthetypejustdescribedthatisofunspecified
scaleandshapebutwiththesamevalueof 5. Itistobe notedthat
theunspecifiedscalesoftheshockandofthenosearenotassumedto
be identical;theymightbe,butthisremainstobe determined.With

*

thesubscripti denotingtheunspecifiedconditionsof scaleandshape,
a simpleequationthatsatisfiestheaforementionedlimitsandvariations 1
my be writtenas follows:

()&
dx~ ().-bale+

l+xi + ‘m“(*)
Integrationyields

yi =-ban+lo&(l+xJJ +tal+ - loge(l+xi)]

(3)

(4)

Thisistheequationoftheco-calledunspecified
tanEa6expressedintermsoftheparameter—
tanll

Y~—. ( )q+p& Jlo&(l+
tan p

shock.Itmy alsobe

xi) (5)

YL
Curves showing~ asa functionof xi forvariousvaluesofthe

parameters aregiveninfigure1;theuseofthesecurvesbecomes

apparentsubsequently.Thecurvefor ~ .-banM
1 is seentobe a straight

lineandisthetrivialsolution of theshockwithzerostrength,that
is,a Machwave.
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F. Theunspecifiedshock,definedby
to specifiednoseshapesandthescale
of selectingthespecifiednoseshapesL

5

equation(4),mustnowbe related
relationdetermined.Theproblem
is consideredfirst.

Establishmentofimpor@ntpartofnoseshape.-Fora pointednose
of smoothcontoursuchasthatconsideredherein,theshapeoftheshock
forallpracticalpurposesisdeterminedprimarilyby theforwardportion
ofthenoseratherthantherearwardportion.Considerthefollowing
simplifiedsketchofansrbitrarynoseshape:

Y
1,

Shock

First-family
M characteristiclines

o
x

Fora two-dimensionalnoseshapetheMachnuniberonthenosesurface
at therearofthenose(pointP,wheretheslopeis zero)is only
slightlydifferentfromthefree-streamMachnuniber;consequently,the
influenceofpoint P,whichispropagatedalongthefirst-familycharac-
teristicfrom P (denotedby PP’,whichgenerallyhasSU1l curvature),
isfeltat theshockonlyatextremelylargevaluesof x (froma practi-
calviewpoint,onlywhen x +a). Furthermore,attheseextremevalues
of x, theattenuationin shockstrengthhasalreadyreducedtheshock
to essentiallya Machwave. Therearmostportionsofthenosemaythere-
forebe regardedas ofno concernintheproblem.Theresrmostregion
onthenosesurfacethathassignificsmtinfluenceontheshockshape
(forinstance,intheticinityofpoint N withfirst-familycharacter-
isticNN’ whichinthereal.caseis slightlycurved).wasindicatedin
thecourseofthecharacteristiccalculationsforthetwo-dimensional
phaseofthisstudyto lieapproximatelybetween40 smd70percentof
thenoselength.

Forthree-dimensional,oraxisymmetric,noseshapes,thenegligible
effect“oftherearportionofthenoseuponshockshapeisrecognizedmd evenmorereadilyfromthefactthattheMachnumberonthesurfaceat
point P is~eaterthsmthatofthefreestream.Consequently,point

u
P
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anda portionofthesurfaceaheadofthispointcouldneverinfluence n
shockshape(exceptthroughtheinteractionwithrecompressionfroman
afterbodyaddeddownstreamof P, generallya trivialeffectsolongas —
theshockisattached).Thustherearmostregiononanaxisymmetricnose *
thathassignificantinfluenceon shockshape,thatis,inthevicinity
ofpoint N, lieswellforwardonthenose. Sometypicalillustrations
ofthisaregiveninfigure2.wherecharacteristicsolutiasfromprevious
studiesofsomearbitrarynoseshapesareshown.Intheseexamplesa
first-faail.ycharacteristichasbeenselectedandlabeledNT?’to show
thatpointsonthenosedownstreamofthegeneralvicinityofthepoint N
wouldhaveno significantinfluenceon shockshape.

Selectionoffamilyofnoseshapes.-Itisthusfirmlyestablished
thatattentionshouldbe focusedontheforwardpartofthenoseandthat
therearwardportionofthenoseisoflittleconcerninrelatingthe
unspecifiedshockto specifiednoseshapes.,:Theimportanceofthisobser-
vationisthat,forpointednosesof smoothcontoursuchasthosecon-

—

sideredherein,theunspecifiedshockmaybe relatedto’:~particular
familyofnoseshapes(i.e.,parabolas,circulararcs,andsoforth). .
Althoughthisfamilyobviouslycannotrepresenttheentirecontourof
somearbitrarynoseshape,itmaybe adequatelyfittedtotheforward
portionofanarbitraryshapein sucha waythatthisforwardcontour, g

whichforallpracticalpurposesdeterminestheshockshape,iseffec-
tivelyreproduced.Consider,forexample,thearbitrarynoseshape
inthefollowingsketch:

/
Arbitraryshape

A circulararcwiththesamevalueof 8 asthearbitrarynoseshape,
whilebeinga grosslyinadequaterepresentationoftherearportionof
thearbitrarynose,wouldduplicatealmoste~ctlytheforward40 to
50percentofthenoseandwouldthereforebe adequateasa meansfor
determiningtheshockshapeofthearbitr~ nose.

Theselectionoftheparticularfamilyofnoseshapestowhich.the
unspecifiedshockistobe relatedisgovernedby twoprincipalfactors;
namely,thisfamilyof shapesshouldbe flexibleinordertoaffordsatis-
factoryfittingto theforwardportionofanarbitraryshape,andit
shouldbe a familythatcanbe expedientlyfittedto thearbitrsryshape

—

d

U



NACATN

froman
defined
However,

4167 7

engineeringviewpoint.Withregardto flexibilityonly,a family
by a generalcubicor quarticequtionwouldcertainlysuffice.
theadvantagethatsucha familyof shapeshasinflexibility

oversimplershapesis farovershadowedby thecomplexitiesofapplication,
sincethefittingofthefamilyshapetothearbitraryshapewillalways
involvea trial-ad-errorprocess.Further,andofequalimportance,the
establishmentoftherelationbetweentheunspecifiedshockandthefamily
of shapesrequiressufficientcalculationsby themethodof characteristics
to covereverypossibleshaperepresentedby thefamilychosen.Obviously,
theuseof cubics, qwtics, andthelikemustbe ruledout. Consideration
ofallfactorspointedto a simplefamilyof shapesthatcouldbe defined
by 8 0~. Thus,attentionwasfocusedon circulararcsandparabolas.
Thecirculararcwaschoseninpreferenceto theparabolaforthefollowing
reasons.Althoughthevalueof 8 as obtainedfromthearbitrarynose
shapedictatestheparticularparabola-orparticularcirculararc,itdoes
notdefinethescaletobe used”infittingthisfhl.y shapetothearbi-
trarynoseshape.Thisfreedomof choiceof scaleconstitutesthetrial-
and-errorprocessby whichthebestfitisobtainedeventhough8 is
fixed.Inthecaseoftheparabola,thistrial-and-errorprocessinvolves
repottingoftheparabolaeachtimethescaleis changed.Inthecase
ofthecirculararc,theprocessinvolvesmerelytheswingingoftrisll.
UCS by meansofa compassfromanypointalonga linepassingthrough
thetipofthenoseandnormalto theslopeofthenoseatthetip.

Thecirculararcisthusselectedasthenoseshapetowhichthe
unspecifiedshockistobe related.Theproblemofrelationisnow,
therefore,oneof scaleonly.Withthesubscriptc denotingvalues
applyingtothecirculararc,thesimplestscalerelationsbetweenthe
ordinatesfromtheunspecifiedshockandtheshockforthecircular-arc
noseoflengbh z are

()glC
1

‘%

()z
2= = Wi

(6)

Determinationofvaluesof K.- b orderto establishthevalues
ofthescalefactorK,theshapeoftheshockfora mmiberof circular-
arcnoseswascalculatedby themethodofcharacteristics.Therewas
somequestionas towhetherto includetheeffectsofrotationalflow

. (i.e.,vorticity)inthesecalculations.Forexactnessinintiscidflow,
theinclusionoftheeffectsofvorticityisdemanded.However,frOIII a
practicaltiewpointtherewereotherconsiderations.First,theeffects
ofvorticityuponattached-shockshapenustbe insignificantat lowMach
nunibersinasmuchas theentropygainacrossa norml shockattheseMach
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numbersistrivial.Second,althoughtheeffectsofvorticityupon *

attached-shockshapefora givennoseshapeincreasewithMachnumber,
therewassomeinformationavailablefrompreviouscalculationsat a
Machnumberof2.2and 5 . 20°(two-dimensional)andata Machnumber

4

Of2.59 ~d b . 35° (axisynm&ric)whichtendedto indicatethatthe
effectsofvorticltywouldbe secondaryatthehigherMachnumbersand
noseanglescoveredinthisstudy.Additionalcalculationsweremade
inconjunctionwiththepresentstudyto examinetheeffectsofvortic-
ityovertheportionoftheshockverynearthenose,sinceinthis
regionthegreatestchangeintheeffectsofvorticityoccur;theresults
ofthesecalculationsareshowninfigure3. Figure4 compilesallof
thisinformationintermsoftheratiooftheverticalordinateofthe
shockwhenvorticityisincludedto thatwhenvorticityisneglected.

~> O (inthiscaseoftheThefactthatthisratioreachesunityat ~
orderof0.05)ratherthanat ‘:= O is an inherentfeatureofthe

methodofcharacteristicswhichofnecessityassuresthatthetipofthe
noseisa cone;consequently,thefieldofflowintheimmediateneigh- *
borhoodofthetipis conicalandwithoutvorticity.Theresultsinfig.
ure4 indicatethattheeffectsofvorticityarequitelikelysecondary
atmostatthehighestMachnumbersandnoseanglesofthisstudy.When s
theeffectsofviscosityareconsideredtogetherwiththeseindicated
smalleffectsofvorticity,thereis considerablejustificationfor

.

neglectingvorticityinmakingcalculationsforpracticalapplications
thatfallwithintherangeofvariablesconsideredherein.Thisarises
fromtheeffectthatthepresenceoftheboundarylayerhasinmaking
thenoseshapeeffectivelyslightlybluffer,wtththeresult thatthe
shockisforcedslightlyoutwardandina d3.rectionthattendsto com-
pensatefortheeffectthatvorticityhasinturningtheshockslightly
inward.Vorticityisneglectedinthecalculationsoffigure2;never-
theless,thecalculatedshockforwhichexperimentalresultswereavail-
able(fig.2(b))is seento be inexcellentagreementwiththeexperi-
mentalshock.Additionalevidenceofthecompensatingtendencyofthe
effectsoftheboundarylayerandofvorticityisgivensubsequently.

Forthereasonscontainedintheprecedingparagraphandbecauseof
thebeliefthatthesmalleffectsofvorticitymaybe adequatelyesti-
matedfromtheinformationcontainedherein,ifsodesired,thecharacter-
isticcalculationsthatweremadeto establishthevaluesof K didnot
includetheeffectsofvorticity.Theaxisymmetriccharacteristiccalcu-
lationswereperformedonelectroniccomputingmachinesandhada mesh
densityofthenetoftheorderof5 timesthoseshownInfigure2;these
calculationsthusmaintaineda highdegreeofaccuracy.Mostofthetwol
dimensionalcharacteristiccalculationswereperformedmanuallyandhad
a meshdensityoftheorderofthoseshowninthemiddleandouterportions

—

ofthenetsinfigure2. Spotchecksofthesemanualcalculationsby d
machinecalculationsrevealedonlyminordifferences.Thus,althoughthe
two-dimensionalcalculationsdonothavetheprecisionoftheaxisymmetric ~
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calculations,theysrebelievedtobe sufficientlyaccurate.A totalof
34two-dimensionalcharacteristiccalculationsweremadewhichcovered
Machnumbersfrom1.5to ~.Oandvaluesof a from5°to40°. A tow
of42 three-dimensional,oraxisymmetric,characteristiccalculations
weremade(excludingcalculationstodetermineeffectsofvorticity);
thesecoveredMachnumbersfrom1.5to4.0andvaluesof b from10°
to 500. Inallofthesecalculationstheordinateswerenondimension-
alizedwithrespecttonoselength.Thevalueof K thusrelatesthe
unspecifiedshockto a ctrcular-srcnoseofunitlength.

Fora particularcombinationof M and 8, a trial-and-errorgraphi-
cal superpositionat lsrgescaleoftheunspecifiedshockgivenby equa-
tion(4)upontheshockfromthecharacteristicsolutionshowedthatthe
simplescalerelationsofequation(6)wereadequateanddetermined,tith
goodprecision,thevalueof K. Typicalillustrationsoftheprecision
withwhich K rmybe determinedareshownin figure5 togetherwithan
indicationoftheerrorin shockshapeproducedby a changein K from
thevaluewhichwasselectedas satisfyingtheshockfromthecharacter-.
isticsolution.

u Thevaluesof K thusdeterminedaregivenintableI,andthe
variationsin K with M andwith b areshownin figure6 fortwo-
dimensionalcircular-arcnosesandinfigure7 forsxisymmetriccirculsr-
arcnoses.

Forcompletenessandinorderto facilitatetheapplicationofthe
methodto arbitrsrynoseshapes,figures8 and9 present curves giving
shockanglesas a functionof M forveriousvaluesof b forwedges
(1.e.,two-dimensionalturning)andcones,respectively.Thesecurves
wereobtainedfrcmreferences5 and6.

Predictionsby PresentMethod

Procedure.-Theproblemisto determinetheshockforan arbitrary
noseshape.Thevaluesof M and b sreknown;
(figs.8 and9) are readilyobtained.Valuesof
of xi maybe obtainedby meansof figure1 ifa

therefore,y and ~
Yi forassumedvalues
quickapproximation

isdesired,ortheymaybe easilycalculatedfrom
accuracyisdesired.Theappropriatevalueof K
particularcozribinationof M and 8 is obtained

equatim(4) ifmore
correspondingto the
fromfigure6 or7.

Valuesof x and y areconvertedto ~ and
() c

Alongthelineno-l to theslopeofthenoseat
. throughthetipofthenoseofthearbitraryshape(seefig.10),aI-arC

is swungwhichappearsto fitbestasmuchoftheforwsrdpartofthe

(): by equation(6).
c

thetipandpassing

.
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noseaspossible.Theappropriatescales

circular-arcnosemaythenbe established

NACATN 4167

() ()
~ ~d $ forthe
c c

siidtheshockplottedin .
accordancewiththesescales.Theshockthusobtainedisthedesired
one. An expedientprocedurethatobviatesthenecessityofthenew

()
scales L and

()
:

Zc
istonotethevalueof ~ attheintercept

c
ofthebaseofthecircular-arcnoseonthe~-axis(seefig.10),multi.-

L

() ()ply thecalcula~ valuesof ~ and ~ by thisvalue, andplot

theresultingvaluesinaccordanc~withthe~xistingx/Z and y/t
scalesof thearbitrarynoseshape. .- —

Comparisonswithexperimentandcharacteristictheory.-It is
implicitfromthedevelopmentofthepresentmethodthatthemethodshould
givean accuratepredictionoftheexperi~ntalshockfora circular-arc
nose. Figuresl.1and12giveexamplesat M . 1.62 that showthisto
be true.Thevalueof K forthecalculationinfigure11 couldbe

,x

determinedaccuratelyby interpolationfromthecurvesoffigure7; con-
sequently,theexcellentagreementofethepredictionwithexperimentis
tobe expected.

@
Thevalueof K forthecalctiationin figure12was

obtainedby extrapolationina regionwherethecurvesoffigure7 are
experiencinglargechangesin slope.A valueof K . 0.35 isbelieved
tobe a reasonableextrapolation;however,astheresultsoffigure12
show,smallchangesin K neednotcauseconcern.WitheitherK = 0.35
or K = 0.39 an excellentpredictionis obtained.

Figure13 gives an exampleofa predictionat M . 1.62 fora nose
shapewhosecontourisoftheform y . a - bx%+ CX3- dx4 (withthe
originforthiscontouratthebaseofthenose).Thefittedcircular-
arcnosebymeansofwhichthepredictionwasmadeisalsoshown.The
predictionagees closelywithexperiment.

Figure14 givesanexampleofa predictionat M = 2.59 fora nose
shapewhosecontourisoftheform y = ax - b~+ CX3. Againthefitted
circular-arcnoseis shown.Thepresentpredictionandtheprediction
by themethodof characteristics(vorticltyneglected)give,withinthe
accuracyofthepresentation,identicalshockshapes,andthesepredictions
areingoodagreementwiththeexperimentalresults.Theexperimental
resultswereobtainedat M . 2.62 as comparedwith M = 2.59 employed
inthepredictions.However,thisdifferenceinMachntier amountsto
a differencein e of onlyabout0.20;thisdifferencein ~ would
causeonlya tinordifferenceintheshockshapeandwouldmovetheshock
slightlyinward.It isinterestingtonote,however,thattheexperi- V
mentalresultsat M = 2.62 lie abovethepredictionby themethodof
characteristicsat M = 2.59 whentheeffectsofvorticityareincluded.

“
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● Thisisattributedprimarilyto theeffectsoftheboundarylayer on
thenoseas discussedpreviouslyinthisreport.Theseresultslend
additionalsupportto thechoiceofneglectingvorticitythatwasmadeb inthedevelopmentofthepresentmethod.

Althoughthepresent~thod neednotbe employedwhentheconvexity
ofthearbitrarynoseshapeisso smallthatthenoseisessentiallya
cone(orwedge),itisinterestingto notethatthemethoddoesnotbreak
downinthelimitingcaseforwhichthenoseisan exactcone(orwedge).
Inthiscasetheradiusofthefittedcircular-srcnoseisinfinite.
Thusjthefirstcalculatedpointontheshockliesat ~ = m, theshock
is straight,anditsinc~nationis correct.

Theprecedingresultsindicatethat,froma practicalviewpoint,the
accuracyofthemethodproposedhereinis comparableto thatofthemethod
of characteristics.Differencescsnbe foundbetweentheratioofthe
radiusof curvatureoftheshockto thatofthenose,exactlyat the
tipOfthenose,thatmaybe calculatedfromthepresentmethodand
theexactratioas derivedby several investigators (ref.7, forexample).
However,a cursoryexaminationindicatesthat,whentheseratiosdiffer
toanyextent,suchlargeradiiof curvatureareinvolvedthatthese
differencessremainlyofacademicinterest,sincetheydonotcorre-
spondtoanysignificanterrorinthelocalinclinationsoftheshock
givenby thepresentmethod,includingthatportionoftheshocknear
thetipofthenose.

Errorsassociatedwithfittingcirculararc.-Theerrorslikelyto
be encounteredas a resultofpoorfittingofthecirculararcor slight
differencesinfittingareillustratedinfigure15forthenoseshape
offigure14. Twosrbitraryfittingssrecomparedwiththatselected
forthepredictionoffigure14 (alsorepeatedinfig.15). Thefitting
@ich givestheshortestcircular-srcnoseIsregardedas a hastychoice
sinceit certainlycanbebettered.Nevertheless,hadthisfittingbeen
chosen,theresultingpredictionwouldbe negligiblydifferentfromthe
predictionobtainedby thefittingemployedinfigure14andwouldthere-
forebe in closeagreementwiththeexperimentalshock.Thefitting
givingthelongestcircular-srcnoseinfigure15c=be regsrdedonly
as a poorone,andthereisno justificationfora misfitofthismagni-
tude;however,it servesto showthatevena fittingsopooras this
yieldssurprisinglygoodresults.

Fromthisandsimilarexaminationsitmaybe safelyconcludedthat
thedifferencesinpredictionsthatarelikelytobe introducedby differ-
encesinthechoiceofthecircularsrcwill,inanyreasonableapplica.

d tionofthemethod,be insi~ificant.

.
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CONCLUDINGREMARKS

A methodhasbeendevelopedfortherapidpredictionoftheshape
ofattachedshocksemanatingfromsmoothlycontouredaxisymmetricand
two-dimensionalnoseshapes.ThemethodcoversMachnunibersfromabout
1.5to 5.0andsemiapexanglesatthetipofthenoseupto valuesnear
thoseforsonicconditionsbehindtheshock.Froma practicalviewpoint
theaccuracyofthemethodis comparableto thatofthemethodof
characteristics.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,August16,1957.

.—
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TABLEI.-VALUESOF K

(a)Fortwo-dimensionalnoseshapes

II Valuesof K for b = I

I‘-’I~“boobobl=“l30°1a~”l~“l
1.7
2.0
2.6

5.0

8.0

;:;

8:0
8.0

5.0

;::

;::
5.0

---

;:;

3:0
3.0

---

1.5
2.0
2.0
2.0
2.0

----
----

1.15
1.X
l.yjo
1.55

----
----

0.50
1.10
1.10
1.20

----
----
----

0.45
.70
.85

----
----
----
----
----

0.43

(b)Foraxisymnetricnoseshapes

Valuesof K for 5 =
M

10° 15° 20° 25° 30° 39 40° 45° W“

1.56.80l.k~ 0.7100.350-------------------------
2.02.851.23 .765 .5850.4350.297---------------
2.51.951.03 .750 .615 .506 .4050.500----------
;.;;.% .914 .730 .620 .~o .462 . 700.250-----

2.850 .720 .630 .575 .505 ● 17 .305-----
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(a)Variationwith b forvariousvaluesof M.

Figure6.- Valuesof K fortwo-dimensionalcircular-srcnoses.
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Figure7.-Valuesof K foraxisymmetriccircular-arcnoses.
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F@xe 11.- Ccmrpsrisonofpredictedsndexperimmtalshockforaxisymmetriccircular-arcnose.
H =~.62;b = 2Q.230.
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